In this study, an effective method for the synthesis of pyranopyrimidinone and xanthene derivatives is introduced. In this method, zinc oxide-chitosan nanocomposite has been used as a catalyst and all reactions were performed under irradiated in a microwave oven at a power of 230W. The properties of zinc oxide-chitosan nanocomposite were characterized by X-ray diffraction (XRD), energy dispersive X-ray (EDAX) analysis and scanning electron microscopy (SEM). The results indicated that the size of zinc oxide-chitosan nanocomposite varies between 76-95 nm. The catalyst activity has maintained its activity after four runs. The main advantages of this method are; Eco-friendly procedure, catalytic synthesis of affordable and inexpensive materials, short reaction time, and excellent yields which makes it more economic than the other conventional methods. The antibacterial activity of the products was investigated using Minimum Inhibitory Concentration (MIC) and the Minimum Bactericidal Concentration (MBC) methods. Pyranopyrimidinone derivatives exhibit more antibacterial activity.
INTRODUCTION
Pyranopyrimidinone and xanthene derivatives are widely used in pharmaceutical chemistry [1] . This group of organic compounds have various pharmaceutical activities such as antiviral2, antibacterial3, antitumor [4] , hepatoprotective [5] , antifungal activities [6] , in the food industry as additives [7] and anti-inflammatory properties [8] . In order to synthesize this class of compounds, several methods have been reported, including the reaction of the palladium-catalysed cyclisation [9] [10] [11] [12] , different Lewis acids such as NbCl2 [13] [14] [15] [16] and Brønsted acids [17] [18] [19] [20] .
Many of the reported methods for synthesizing these compounds have limitations, including strong acidic conditions, long reaction times, low yields, N2 atmosphere, expensive reagents and toxic organic solvents [21] [22] [23] [24] [25] . Given the limitations, it seems that the introduction of a more appropriate, new and effective high-activity catalyst for the synthesis of these important drug compounds is necessary.
In almost all organic reactions that require heat to produce the product, traditional heating methods such as an oil bath or a sand bath are used. These methods cause certain problems, such as sudden rise in temperature or temperature constraints, which can lead to product decomposition or the production of side products. While heating up the reaction by microwave, in addition to solving the problems created by heating in the traditional ways can be very rapid and generate a heat system that cannot be easily accessed by other methods [26] [27] [28] [29] [30] . The main advantage of using microwave in synthesis of organic compounds is the shorter reaction times.
The goal of this study is introduction of efficient method using a new catalyst with high activity, shorten the reaction time, recyclability, and simple reaction working-up for the preparation of pyranopyrimidinone and xanthene derivatives under neutral, mild and practical conditions.
RESULTS AND DISCUSSION
In continuation of our previous studies [31] [32] [33] [34] [35] [36] [37] , our research team has tried to introduce a simple and effective method for the synthesis of pyrano [2,3d] pyrimidine and xanthen derivatives.
The results show that the use of the ZnO-Ch NCs as a catalyst with microwave radiation significantly increases the reaction speed. Also, the catalyst produced a good yield on products in neutral conditions and in ecofriendly solvents. In the conditions, the working-up of the reaction is also very easy. (Schemes 1 and 2).
The morphology of the ZnO-Ch NCs was investigated with a scanning electron microscopy (SEM). Figure 1 (left) illustrated that the ZnO-Ch NCs was with an average size of 85 nm. SEM image at higher magnification is also shown in Figure 1 (right). The chemical purity of the samples was tested by EDAX spectra. The EDAX spectra given in Figure 2 shows the presence of zinc, oxygen, carbon and nitrogen as the only elementary components.
The X-ray diffraction patterns (XRD) of the ZnO-Ch NCs is shown in Figure  2 . XRD study of ZnO-Ch NCs confirmed presence of ZnO in the ZnO-Ch NCs ( Figure 2 ). Initially, in order to find optimal conditions for the synthesis of pyranopyrimidinone and xanthene derivatives, reactions were designed in different conditions. The results are tabulated in Tables 1 and 2. The optimized reaction conditions are shown with red pen ( Table 1 entry 13 and Table 2 , entry 11).
In scheme 3, a proposed mechanism for the synthesis of pyranopyrimidinone and xanthene derivatives in the presence of a catalyst was introduced. In synthesis process of pyranopyrimidinone derivatives, initially via a Knoevenagel reaction of activated malononitrile and activated aromatic aldehyde was formed the yellowish arylidenemalononitrile in a quantitative yield. The formation of the pyranopyrimidinone derivatives is shown in scheme 3. After obtaining optimal reaction conditions, in order to produce the corresponding products in high yields and in short reaction times, various aromatic aldehydes were reacted with malononitrile and barbituric acid in synthesis of pyranopyrimidinone derivatives and also, with ß-naphtol in synthesis of xanthene derivatives. The obtained results are summarized in tables 3 and 4. Scheme 3. proposed mechanism for the synthesis of pyranopyrimidinoneand xanthene derivatives in the presence of ZnO-starch nanocomposite. Recycling and Reusing of the nanocatalyst One of the most important features of a heterogeneous catalyst is its ability to recycle and reuse it. In order to investigate the recyclability of ZnO-Ch NCs, after completion of the reaction, the catalyst was filtered and washed well with plenty of water and acetone. The results showed that the catalyst activity has maintained its activity after four runs ( Figure 3 ). 
Biology
Antibacterial activity of all of the all synthesized products were evaluated in vitro against Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli), by MIC and MBC method. Tetracycline used as a positive control. All the synthesized products showed good antibacterial activity. According to the results, pyranopyrimidinone derivatives had stronger antibacterial activity against S. aureus and E. coli than the xanthene derivatives. The MIC and MBC Results are tabulated in Tables 5 and 6 . Figure 6 shows an overview of the steps to perform the MIC test on product 4a against S. aureus (positive germ) and E. coli (negative geram). 
EXPERIMENTAL

Material and Instrumentation
The chemicals used in the synthesis of the pyranopyrimidinone and xanthene derivatives were obtained from the Merck and Aldrich Chemical Co. All chemicals and solvents were analytical reagent grade. Reactions were monitored by thin layer chromatography on 0.2 mm silica gel F-252 (Merck) plates. Melting points were determined by open capillary Electrothermal 9100 s and were uncorrected. 1 H (400 MHz) and 13 C (100 MHz) spectra were recorded on Bruker 3000 NMR spectrometer in CDCl3/DMSO-d 6 (with TMS as internal reference). Ultrasound device Astra 3D (9.5 L, 45 kHz frequency, input power with heating, 305 W, number of transducers, 2) from TECNO-GAZ was used. All the reactions were carried out in a microwave oven.
Preparation of ZnO-Chitosan nanocomposite (ZnO&Ch NCs)
The synthesis of the ZnO&Ch NCs according to the articles was done with some changes [56] . first 0.75 g of ZnO powder (9.2 mmol) was dissolved in 100 mL of 1% acetic acid solution. The solution is sonicated for 10 min. After this time 1 g of chitosan was added to the solution. The mixture was sonicated for 30 min. After this time, added a drop by drop of 1M NaOH solution to the mixture until the solution attained pH 10. The solution was heated in microwave oven for about 10 min. The mixture was then filtered and washed with distilled water several times then dried in an oven at 50•C for 1hr.
General procedure for the preparation of pyrano-pyrimidinones
A mixture of the aromatic aldehyde (1 mmol), malononitrile 1.2 mmol (~ 80 mg), barbituric acid 1 mmol (156 mg) in the presence of 28 mg ZnO-Ch NCs in H2O:EtOH (2ml:2ml) was irradiated in a microwave oven at a power of 230W. After completion of the reaction, the resulting solid (crude product) was filtered and then recrystallized from EtOH to obtain pure product. The physical data (m.p., NMR, IR) of these known compounds were found to identical with those reported in the literature. 5-(3-chlorophenyl)-2,4-dioxo-1,3,4,5-tetrahydro-2H-pyrano[2,3d 5-(2-chlorophenyl)-2,4-dioxo-1,3,4,5-tetrahydro-2H-pyrano[2,3d 5-(2,3-dichlorophenyl)-2,4-dioxo-1,3,4,5-tetrahydro-2Hpyrano[2,3-d 5-(4-nitrophenyl)-2,4-dioxo-1,3,4,5-tetrahydro-2H-pyrano[2,3d]pyrimidine-6-carbonitrile (4h) 
Spectral data of selected compounds are given below;
7-amino-
General procedure for the synthesis of tetrahydrobenzo[a]xanthen
288 mg of β-naphthol (2 mmol), benzaldehyde (1 mmol) and 30 mg ZnO-Ch NCs were added to the reaction vessel containing H2O:EtOH (2 ml:2 ml). The solution was irradiated in a microwave oven at a power of 230 W. The progress of reactions monitored by TLC. After completion of the reaction, the reaction mixture was cooled to room temperature. Then the catalyst was separated by filtration. Finally, the crude product was recrystallized from EtOH to yield pure xanthene derivatives. All products were characterized by comparison of their melting point and FT-IR spectra with references. Some of them were 1 HNMR spectral to prove the structure of the compounds.
Spectral data of selected compounds are given below; 14H-dibenzo[a,j]xanthene (7c) (4-methoxyphenyl)-14H-dibenzo[a,j]xanthene (7h) 
14-phenyl-
14-(3-methylphenyl)-14H-dibenzo[a,j]xanthene (7f);Yellow
14-
14-(3-chlorophenyl)-14H-dibenzo[a,j]xanthene (7i);
14-(3-bromophenyl)-14H-dibenzo[a,j]xanthene (7j);White
Recycling and reusing of the nanocatalyst
The catalyst used after the completion of the reaction is filtered and washed with plenty of water and acetone and then dried at 70 °C for 8 h. The reusability of the catalyst was tested by repeating the reaction in its optimal conditions. The results showed that the catalytic activity of the ZnO-Ch NCs did not decrease significantly even after four catalytic cycles.
Biology
MIC assay
To prepare a liquid culture medium, first 0.8 gr of Nutrient Broth was added into 100 ml of distilled water and then 1 ml of it was added into the test tube. The test tubes were autoclaved at 115 ˚C for 15 minutes.
Six concentrations of each sample were prepared (1000, 500, 250, 125, 62.5, 31.25 µg/ml) in DMSO. 1 ml of samples were added to the autoclaved test tubes. The concentration of the standard bacteria (0.5 McFarland standard) was made. 100 µl of each bacterium was poured into each the test tube. The tubes were incubating overnight. Broth tubes that appear turbid are indicative of bacterial growth while tubes that remain clear indicate no growth. The MIC of the antibiotic is the lowest concentration that does not show growth.
MBC assay
The concentration of sample which showed MIC and two higher concentrations were applied to MBC test. The concentration in which the bacterium has not grown is reported as MBC.
CONCLUSION
In conclusion this paper describes a convenient and efficient process for the synthesis of corresponding pyranopyrimidinone and xanthene derivatives in the presence of ZnO-Ch NCs under microwave radiation. The protocol used in this research has many advantages such as reduced time, low cost, the simplicity of using the catalyst, separating the catalyst only by filtering, recyclating the catalyst, simple processing. In many cases, the products crystallized directly from the reaction mixture in high purity. In general, in this method, aldehydes bearing electron-donating groups require more time to complete the reaction, but the rate of formation of the product in aldehydes with electron-withdrawing groups will be higher. It was observed that ZnO-Ch NCs catalyzed both types of reactions well under microwave irradiation and green solvent to the formation of the corresponding pyranopyrimidinone and xanthene derivatives.
